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(54) Optical recording device, and method of determining optimum focus offset value for the 
device 



(57) The present invention provides a low-cost op- 
tical recording device that determines an optimum quan- 
tity of light for recording and reproducing, and an opti- 
mum focus offset value. The present invention also re- 
lates to a method of determining such an optimum focus 
offset value. The optical recording device is equipped 
with a focus control system for performing a focus con- 
trol operation to focus light from a light source onto a 
recording face of an optical recording medium. This op- 
tical recording device includes: a focus offset value set- 
ting unit (13) for sequentially setting a plurality of offset 



values for the focus control system; an adder unit (303) 
for using each focus offset value to adjust the focus con- 
trol system; a light quantity setting unit (16) for sequen- 
tially setting a quantity of recording light emitted from 
the light source at a plurality of predetermined values; 
a recording unit for recording information on the optical 
recording medium; an error rate measuring unit (13) for 
measuring an error rate in the information reproduced 
from the optical recording medium; and an optimum fo- 
cus offset value determining unit (1 3) for determining an 
optimum focus offset value based on the measured er- 
ror rate. 



FIG. 3 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention generally relates to optical recording devices, and, more particularly, to an optical re- 
cording device that can set an optimum focus offset value and a method of determining an optimum focus offset value. 
[0002] To record information on a recording face of an optical recording medium and then reproduce the information 
from the optical recording medium, it is necessary to perform a control operation to focus the light emitted from a light 
source, such as a laser diode, onto the recording face of the optical recording medium, and to maintain the "just-focus" 

10 state. This control operation is referred to as a "focus servo control operation". 

[0003] FIG. 1 shows an example of a conventional optical recording device 1 that records information on an optical 
recording medium 10 of a magneto-optical disk type, or reads out information from the optical recording medium 10. 
The optical recording device 1 shown in FIG. 1 includes a control unit 2 and a disk enclosure 3. 
[0004] The control unit 2 includes a host interface 11, a buffer memory 12 : an MPU 13, an optical disk controller 14, 

15 a read/write LSI 15, a DSP 16, a focusing error signal detecting circuit 1 7, a tracking error signal detecting circuit 18, 
a tracking zero-cross detecting circuit 19, and drivers 20 through 23. The enclosure 3 includes a laser diode unit 31 , 
an ID/MO signal detector 32, a head amplifier 33, a spindle motor 34, a magnetic field applier 35, a focusing error 
detector 36a, a tracking error detector 36b, a focusing actuator 37, a tracking actuator 38, and an object lens system 40. 
[0005] The host interface 1 1 interfaces with a host device such as a personal computer. The data transmitted between 

20 the host interface 11 and the host device are temporarily stored in the buffer memory 12. The MPU 13 and the disk 
controller 14 control the operations of the optical recording device 1 . 

[0006] The read/write LSI 15 modulates and demodulates data. To write data on the optical recording medium 10, 
the read/write LSI 15 modulates the write data and supplies the modulated write data to the laser diode unit 31 . On 
the other hand, to read data from the optical recording medium 1 0, the read/write LSI 1 5 controls the laser diode unit 
25 13 to emit read light. 

[0007] The read light emitted from the laser diode unit 31 onto the optical recording medium 10 is reflected by the 
optical recording medium 10, and thus is supplied to the ID/MO signal detector 32, the focusing error detector 36a, 
and the tracking error detector 36b. The ID/MO signal detector 32 detects the ID/MO signal component from the read 
light reflected by the optical recording medium 10, and sends the detected ID/MO signal to the head amplifier 33. The 
30 head amplifier 33 in turn amplifies the ID/MO signal, and sends the amplified ID/MO signal to the read/write LSI 15. 
The read/write LSI 15 demodulates ID data from the ID/MO signal. The data demodulated by the read/write LSI 15 is 
stored in the buffer memory 12. 

[0008] The focusing error detector 36a converts the incident light to an electric signal, and sends the electric signal 
to the focusing error signal detecting circuit 1 7. Based on the electric signal sent from the focusing error detector 36a, 

35 the focusing error signal detecting circuit 1 7 generates a focusing error signal E1 . 

[0009] The focusing error signal E1 generated by the focusing error signal detecting circuit 1 7 is then supplied to the 
DSP 1 6. Based on the focusing error signal E1 , the DSP 1 6 generates a focus control signal, and then sends the focus 
control signal to the driver 22. Based on the focus control signal supplied from the DSP 16, the driver 22 supplies a 
drive current to the focusing actuator 37. Based on the drive current supplied from the driver 22, the focusing actuator 

40 37 moves the object lens system 40 in the focusing direction. By doing so, the laser light emitted from the laser diode 
unit 31 is focused on the optical recording medium 10. 

[0010] The tracking error detector 36b converts the incident light to an electric signal, and sends the electric signal 
to the tracking error signal detecting circuit 18. Based on the electric signal supplied from the tracking error detector 
36b, the tracking error signal detecting circuit 18 generates a tracking error signal E2. The tracking error signal E2 

45 detected by the tracking error signal detecting circuit 18 is then supplied to the DSP 16 and the tracking zero-cross 
signal detecting circuit 19. Based on the tracking error signal E2, the tracking zero-cross signal detecting circuit 19 
generates a tracking zero-cross signal E3, and supplies the tracking zero-cross signal E3 to the DSP 1 6. Based on 
the tracking error signal E2 and the tracking zero-cross signal E3, the DSP 16 generates a tracking control signal, and 
supplies the tracking control signal to the driver 23. 

50 [0011] Based on the tracking control signal supplied from the DSP 16, the driver 23 supplies a drive current to the 
tracking actuator 38. The tracking actuator 38 is driven based on the drive current supplied from the driver 23, and 
moves the object lens system 40 in the radial direction of the optical recording medium 1 0, thereby performing a tracking 
operation. 

[0012] The MPU 13 generates a spindle motor control signal, and supplies the spindle motor control signal to the 
55 driver 20. Based on the spindle motor control signal supplied from the MPU 1 3, the driver 20 rotates the spindle motor 34. 
[0013] The MPU 13 also generates a magnetic field control signal, and supplies the magnetic field control signal to 
the driver 21. Based on the magnetic field control signal supplied from the MPU 13, the driver 21 supplies a drive 
current to the magnetic field applier 35. The magnetic field applier 35 then generates a bias magnetic field in accordance 
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with the drive current supplied from the driver 21 . The bias magnetic field generated by the magnetic field applier 35 
is applied to the optical recording medium 10 for information recording and/or reproduction. 

[0014] The optical recording device 1 is designed in such a manner that the optical recording device 1 is in a "just 
focus" state when a focus servo control operation is performed. However, a shift from the "just focus" position occurs 

5 over a time interval, and therefore it is necessary to correct such a shift so that the optical recording device 1 can return 
to the "just focus" state. To do so, it is necessary to determine the location of the "just focus" position. 
[0015] FIG. 2 shows the relationship between the recording face of a recording medium and a laser beam emitted 
onto the recording face. In FIG. 2, reference numeral 203 indicates a laser beam focused onto the recording face 202 
of the optical recording medium 10. Reference numeral 204 indicates a laser beam emitted onto the recording face 

10 202 of the optical recording medium 1 0 in a case where a negative offset value is given, and reference numeral 205 
indicates a laser beam reflected from the recording face 202 in such a case. Reference numeral 206 indicates a laser 
beam emitted onto the recording face 202 of the optical recording medium 1 0 in a case where a positive offset value 
is given to the focus error signal, and reference numeral 207 indicates a laser beam reflected from the recording face 
202 in such a case. As shown in FIG. 2, under the focus servo control, the "just focus" point can be moved forward or 

15 backward on the recording face of the optical disk by giving an offset value to the focus error signal. 

[0016] Examples of conventional methods of searching for a "just focus" point by adjusting a focus offset value 
includes a method in which a focus offset value is changed while a focus servo control operation and a tracking servo 
control operation are performed, and the focus offset value, at which the amplitude of the ID signal becomes greatest 
and the "just focus" point is located, is determined to be the optimum focus offset value. 

20 [001 7J Alternatively, the focus offset value may be changed while a focus servo control operation and a tracking 
servo control operation are both performed, and the point where the amplitude of the MO signal becomes greatest is 
determined to be the "just focus" point. Further, the point where the maximum quantity of light reflected from the optical 
recording medium is determined to be the "just focus" point. In yet another example of the conventional method, a 
tracking servo control is stopped, and the point where the amplitude of the tracking error signal becomes greatest is 

25 detorminod to bo the "just focus" point. 

[0018] In a conventional optical recording device, the recording density of an optical recording medium is relatively 
low This is why the read error rate can be constantly maintained below a predetermined value by determining the "just 
focus" point and the optimum focus offset value in the above methods. 

[0019] Continuing the trend of recent years, however, the recording density of recording media is becoming higher, 
30 and tne tolerable range for defocusing with a read error rate below a predetermined value is becoming narrower. With 
a hign-dcnsity recording medium, even if the focus offset value at which the "just focus" point is located is determined 
to be the optimum focus offset value in any of the above conventional methods, the read error data cannot be maintained 
below a predetermined value. 

[0020] To solve this problem, it is necessary to determine a more accurate optimum quantity of light for recording 

35 and reproducing, and a more accurate optimum focus offset value. 

[0021] Japanese Laid-Open Patent Application No. 8-1 29754 discloses a method of determining an optimum quantity 
of recording light. In this method, the optimum quantity of recording light is set so that the deviation signal of two 
recording patterns becomes zero with the quantity of recording light. However, this method requires a circuit prepared 
especially for measuring the deviation signal, which results in higher costs. 

40 [0022] Japanese Laid-Open Patent Application No. 2001 -231 65 discloses a method of determining an optimum focus 
offset value. In this method, the focus offset value is changed while the quantity of recording light is maintained at a 
constant value, and information is recorded on an optical recording medium with the varying focus offset value. The 
tolerable range of the focus offset value for reproducing information is determined from whether the information re- 
corded on the optical recording medium can be reproduced. The quantity of recording light is then decreased while 

45 the focus offset value is varied, and information is recorded on the optical recording medium. The information recorded 
on the optical recording medium is then reproduced, and the tolerable range of the focus offset value for reproducing 
the information is determined from the reproduced results. These procedures are repeated, and the optimum focus 
offset value is determined to be the focus offset value at which the quantity of recording light becomes smallest. The 
optimum quantity of recording light is then determined by adding a predetermined value to the smallest quantity of 

50 recording light. In this conventional method, however, a true optimum quantity of recording light cannot be determined. 
Also in this conventional method, an optimum focus offset value cannot be determined in a case where the curve 
representing the read error rate to the quantity of light for recording and reproducing or the curve representing the read 
error rate to the focus offset value is not symmetrical with respect to the point of the lowest error rate. 
[0023] Japanese Laid-Open Patent Application No. 2001-23165 discloses another method of determining an opti- 

55 mum focus offset value. In this method, the optimum focus offset value is determined to be the focus offset value at 
which a reproduction signal jitter becomes smallest. However, this method requires a circuit prepared especially for 
measuring the reproduction signal jitter, which results in higher costs. 
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SUMMARY OF THE INVENTION 



[0024] A general object of the present invention is to provide optical recording devices and methods of determining 
optimum focus offset values in which the above disadvantages are eliminated. 

5 [0025] A more specific object of the present invention is to provide a low-cost optical recording device that can 
determine an optimum focus offset value, even though the tolerable value for defocusing is small in a high-density 
optical recording medium, and in which the read error rate is lower than a predetermined value. Another specific object 
of the present invention is to provide a method of determining such an optimum focus offset value. 
[0026] The above objects of the present invention can be achieved by an optical recording device that is equipped 

io with a focus control system for performing a focus control operation to focus light emitted from a light source onto a 
recording face of an optical recording medium. In one embodiment, this optical recording device includes: a focus offset 
value setting unit for setting a focus offset value at a plurality of offset values; an adder unit for using each focus offset 
value set by the focus offset value setting unit to adjust the focus control system; a light quantity setting unit for setting 
a quantity of recording light, which is emitted from the light source, at a plurality of predetermined values, for each 

15 focus offset value set by the focus offset value setting unit; a recording unit for recording information on the optical 
recording medium, using the quantity of recording light set by the light quantity setting unit; an error rate measuring 
unit for measuring an error rate in information reproduced from the information recorded by the recording unit; and an 
optimum focus offset value determining unit for determining an optimum focus offset value based on the error rate 
measured by the error rate measuring unit. 

20 [0027] With this structure, a low-cost optical recording device that can set an optimum quantity of light for recording 
or reproducing and an optimum focus offset value can be obtained. 

[0028] In accordance with another aspect of the present invention, the optimum focus offset value determining unit 
determines an optimum focus offset value to be the focus offset value that is set when the error rate is lowest and the 
quantity of recording light is smallest. 

25 [0029] With this optimum focus offset value determining unit, an optimum focus offset value is determined so as to 
keep the read error rate at the lowest rate. In this manner, a true optimum focus offset value can be obtained. 
[0030] Furthermore, the optimum focus offset value determining unit can calculate the quantity of recording light and 
the weighted mean value of the error rate, and determine an optimum focus offset value to be the focus offset value 
that is set when the weighted mean value of the error rate and the quantity of recording light are smallest. 

30 [0031] With this optimum focus offset value determining unit, a true optimum focus offset value can be obtained even 
when the curve indicating the relationship between the read error rate and the light quantity or between the read error 
rate and the focus offset value is not symmetrical with respect to the point where the error rate is smallest. 
[0032] The above and other objects and features of the present invention will become more apparent from the fol- 
lowing description taken in conjunction with the accompanying drawings. 



35 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0033] 

40 FIG. 1 shows an example of a conventional optical recording device of a magneto-optical disk type; 

FIG. 2 shows the relationship between the recording medium surface andthe laser beam impinging on the recording 
medium surface in the conventional optical recording device; 

FIG. 3 is a schematic view of a focus control system in accordance with the first embodiment of the present inven- 
tion; 

45 FIG. 4 shows an optical disk as an example of the optical recording medium, for which an optimum focus offset 

value is set in accordance with the first embodiment of the present invention; 

FIG. 5 is a flowchart showing the procedures for setting an optimum focus offset value in accordance with the first 
embodiment of the present invention; 

FIG. 6 shows a read error rate of information that is reproduced from an optical disk while the quantity of recording 
50 light is varied; 

FIG. 7 shows read error rates in a contour-map fashion, with the focus offset value and the recording light being 
the two coordinates; 

FIG. 8 shows the number of read errors in cases where information recorded on an optical disk is reproduced with 
a varied quantity of light for recording and reproducing; 
55 FIGS. 9A and 9B show the number of read errors at each index point on the curves 801 and 802 shown in FIG. 8; 

FIG. 10 shows an optical disk as an example of an optical recording medium that has a recording area divided 
into a plurality of zones; 

FIG. 11 shows a structure in which a third embodiment of the present invention is put into practice; 
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FIG. 12 is a schematic view of the structure of a focus control system in accordance with a fifth embodiment of 
the present invention; 

FIG. 13 is a schematic view of the structure of a focus control system in accordance with a sixth embodiment of 
the present invention; 

FIG. 14 shows the relationship between the quantity of reproducing light and the read error rate in a case where 
information recorded on an optical recording medium is reproduced by a magnetic super resolution (MSR) system; 
and 

FIG. 15 is a flowchart of the operation of setting an optimum focus offset value in accordance with a seventh 
embodiment of the present invention. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[0034] The following is a description of embodiments of the present invention, with reference to the accompanying 
drawings. 

[0035] FIG. 3 is a schematic view showing a first embodiment of the present invention. In FIG. 3, the same compo- 
nents as in FIG. 1 are denoted by the same reference numerals. A focus control system shown in FIG. 3 sets an 
optimum focus offset value in accordance with this embodiment, and includes a MPU 13 that is a control unit, a DSP 
16, a focusing error signal detecting circuit 17, a driver 22, a focusing actuator 37, and an adder 303. The MPU 13 
includes a register 304 that temporarily stores information. This register 304 may be located outside the MPU 13. The 
DSP 1 6 includes a register 301 that receives offset control data transmitted from the MPU 13, and a D/A (digital-analog) 
converter 302 that converts the value shown by the register 301 into an analog value. The offset control data transmitted 
from the MPU 13 to the register 301 is written in the register 301 . In accordance with the offset control data, an analog 
value is output from the D/A converter 302, thereby setting a focus offset value. The focus offset value is then added 
to a focus servo system by the adder 303. The amount of light for recording a signal on the optical recording medium 
10 shown in FIG. 1 and reproducing the signal from the optical recording medium 10 is set in the read/write LSI 15 
and the laser diode unit 31 in compliance with an instruction from the MPU 13. 

[0036] Data to be recorded on the optical recording medium 10 are normally sent from a host device such as a 
personal computer via the host interface 11 , and are temporarily stored in the buffer memory 1 2 before being recorded 
on the optical recording medium 10. In this embodiment, however, the MPU 13 may read test data out from a control 
data memory that are used only for determining an optimum focus offset value. The test data may be temporarily stored 
in the buffer memory 1 2 before a recording operation and a reproducing operation are performed on the optical recording 
medium 10. 

[0037] In this embodiment, the MPU 13, which is the control unit, compares the information recorded on the optical 
recording medium 10 with the information reproduced from the optical recording medium 10, and thus forms an error 
rate measuring function for measuring the error rate of the reproduced information and an optimum focus offset value 
determining function for determining an optimum focus offset value based on the measured error rate. 
[0038] FIG. 4 shows an optical disk 401 as an example of the optical recording medium 10 for which an optimum 
focus offset value is set in this embodiment. Although the optical disk 401 is taken as an example of the optical recording 
medium in this embodiment, the present invention can also be applied to an optical recording medium not having a 
disk-like shape, such as an optical recording card. In this embodiment, the optical disk 401 includes a test area 402, 
and zones 403, 404, and 405, each of which contains a certain number of tracks in the radial direction. 
[0039] Referring now to FIG. 5, the operations in accordance with this embodiment will be described in detail. FIG. 
5 is a flowchart showing the procedures for setting an optimum focus offset value in accordance with the first embod- 
iment of the present invention. After the operation starts in step 501 , the MPU 13 sends an instruction to the DSP 16 
shown in FIG. 1 , and drives the focusing actuator 37 and the tracking actuator 38 via the drivers 22 and 23, thereby 
performing a focus servo operation and a tracking servo operation in step 502. The MPU 13 then conducts a seek 
operation for the test area 402, and positions a light beam. In step 503, the MPU 13 shown in FIG. 3 supplies the 
register 301 with data indicating that the focus offset value is zero, and the offset value of zero is output from the D/A 
converter 302 and added by the adder 303. In step 504, the test area is cleared. In this manner, by setting the focus 
offset value at zero at the time of erasing, the data recorded on the tracks can be surely erased without causing much 
defocusing. 

[0040] In step 505, the MPU 13 supplies the register 301 with data indicating that the focus offset value is -X. The 
D/A converter 302 converts the data to an analog value, and outputs the focus offset value of -X. When a focusing 
error signal is input from the DSP 16, the adder 303 adds the focus offset value to the focus control system. In this 
manner, the MPU 1 3 sets the focus offset value at -X. An analog value is added in accordance with the input from the 
DSP 16, so that the dynamic range of the focus control system can be secured at the maximum level. 
[0041] In step 506, the MPU 13 sends an instruction to the read/write LSI 15 and the laser diode unit 31 so as to set 
a value of -Y as the quantity of recording light information onto the test area 402 of the optical disk 401 . 
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[0042] In step 507, the MPU 1 3 controls the read/write LSI 1 5 and the laser diode unit 31 so as to write test information 
onto the test area 402 of the optical disk 401 . As described earlier, the test data may be transmitted from a host device 
such as a personal computer via the host interface 1 1 , and be temporarily stored in the buffer memory 1 2 before being 
recorded on the optical disk 401. In this embodiment, however, the MPU 13 may generate test data to be used only 
5 for determining an optimum focus offset value, and then temporarily store the test data in the buffer memory 12 before 
the recording on the optical disk 401 . 

[0043] In this embodiment, information is recorded on the optical disk 401 without an error correction code (ECC). 
This is because a true error rate cannot be measured if the DSP 16 corrects an error contained in the reproduced 
information using the error correction code. Also, the information to be recorded (test data) is held in the buffer memory 

10 12 for comparison with the reproduced information until the error rate measurement described later is completed. 

[0044] In step 508, the information recorded on the test area 402 of the optical disk 401 is reproduced without being 
corrected for errors. The information reproduced in this manner is then temporarily stored in the buffer memory 12. 
[0045] In step 509. the MPU 1 3 compares the reproduced information with all the information remaining in the buffer 
memory 12 ; so as to calculate an error rate of the reproduced information. More specifically, a bit comparison is con- 

15 ducted for each bit of the recorded data and the reproduced data, and the number of error bits is obtained. A bit error 
rate is then calculated from the proportion of the error bits to the total number of bits. In step 510, the error rate, the 
focus offset value of -X, and the recording light quantity value of -Y are stored in the register 304 in the MPU 1 3 shown 
in FIG. 3. In this manner, the error rate of the information reproduced from the recorded information, with the focus 
offset value of -X and the recording light of -Y, can be measured and stored. 

20 [0046] In step 511 . the recording light of -Y, which has been set in step 506, is increased by a. 

[0047] In step 512. it is determined whether the increased recording light has reached a predetermined value of +Y. 
If the increased recording light has not reached the predetermined value of +Y, certain tracks in the test area are 
cleared, and steps 507 through 511 are repeated. In this manner, an error rate with the focus offset value of -X and 
the vancd quantity of recording light is measured and then stored. 

25 [0048) If it is determined in step 512 that the increased recording light has reached the predetermined value of +Y, 
the operation moves on to step 513, in which the focus offset value is increased by a. 

[0049] In step 514. it is determined whether the increased focus offset value has reached a predetermined value of 
♦ X If it is determined that the increased focus offset value has not reached the predetermined value of +X, steps 506 
through 513 are repeated, and an error rate with the focus offset value increased by a and the recording light quantity 
30 value varying from -Y to +Y are measured and then stored. 

[0050] If it is determined in step 514 that the increased focus offset value has reached the predetermined value of 
+X. the operation moves on to step 51 5, in which an optimum focus offset value is determined. The process of deter- 
mining an optimum focus offset value will be described later. 

[0051] After an optimum focus offset value is determined, the operation comes to an end in step 516. Using the 
35 optimum focus offset value determined in the above manner, regular operations such as a recording operation and a 
reproducing operation are performed. 

[0052] Next, the method of determining an optimum focus offset value will be described. 

[0053] FIG. 6 shows a read error rate of reproduced information which is measured while the quantity of recording 
light is varied. The curves 601 and 603 shown in FIG. 6 indicate the read error rates of information in cases where the 

40 information is recorded and then reproduced while the quantity of recording light is varied. More specifically, the curve 
601 indicates the read error rate of the information in a case where an optimum focus offset value has been set. For 
this case, the optimum light quantity is indicated by a light value 602 at which the read error rate 605 is the lowest. 
Meanwhile, the curve 603 indicates the read error rate of the information in a case where the focus offset value is not 
equal to the optimum focus offset value. For this case, the optimum light quantity is indicated by a light value 604 at 

45 which the read error rate is the lowest. As shown in FIG. 6, when the focus offset value differs from the optimum focus 
offset value, the relationship between the quantity of recording light and the read error rate changes from the one 
indicated by the curve 601 to the one indicated by the curve 603. With this change in the relationship, the read error 
rate at the optimum light value increases from a read error rate 605 to a read error rate 606, and the range of recording 
light values at which a read error rate lower than a predetermined error rate 607 can be obtained (this range will be 

50 hereinafter referred to as "power margin") narrows from a power margin 608 to a power margin 609. As the focus offset 
value for curve 603 differs from the optimum focus offset value, defocusing is caused, and the focal point of the laser 
light shifts away from the recording face of the optical disk 401 . Because of this, a larger quantity of recording light is 
required. 

[0054] FIG. 7 shows read error rates in a contour-map fashion, with the focus offset value and the recording light 
55 being the two coordinates. In FIG. 7, the area defined by a crescent curve 701 indicates the range in which the read 
error rate is the lowest. The area defined by crescent curves 701 and 702 indicates the range in which the read error 
rate has an intermediate value. The area defined by crescent curves 702 and 703 indicates the range in which the 
read error rate is high. The area outside the crescent curve 703 indicates the range in which the read error rate is even 
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higher. 

[0055] In the case shown in FIG. 7, the optimum focus offset value is the value indicated by a focus offset value 704. 
If the focus offset value is increased or decreased from the optimum focus offset value 704, the optimum quantity of 
recording light increases. Also, the read error rate becomes higher than the read error rate with the optimum offset 
5 value 704, and the aforementioned "power margin" decreases even with the optimum quantity of recording light. In 
accordance with the conventional method of determining an optimum focus offset value, a focus offset value 705 is 
set so that the focus offset value at which the amplitude of the tracking error signal is the maximum can be the optimum 
offset value. 

[0056] In step 515 shown in FIG. 5, the procedure for determining an optimum focus offset value is conducted using 

10 this principle of the prior art. 

[0057] More specifically, in step 515 shown in FIG. 5, the measurement results of the read error rate measured in 
steps 501 through 514, and the offset value and the quantity of recording light used in the measurement are stored in 
the register 304 in the MPU 13. The measurement results of the read error rate stored in the register 304 in the MPU 
1 3 are equivalent to the read error rate shown in the contour-map fashion, with the focus offset value and the recording 

is light being the two coordinates shown in FIG. 7. Accordingly, the MPU 13, which serves as the optimum focus offset 
value determining unit, reads out the measurement results of the error rate stored in the register 304 in order, and, 
from the measurement results, the MPU 13 selects the focus offset value 704 with which the read error rate is lowest 
and the recording light quantity is smallest, the focus offset value that has the widest power margin, or the focus offset 
value that satisfies these two conditions. The MPU 1 3 then determines the selected focus offset value to be the optimum 

20 focus offset value. 

[0058] Next, a second embodiment of the present invention will be described. According to this embodiment, an 
optimum focus offset value can be accurately determined, even if the curve indicating the read error rate in the repro- 
duced information of information recorded on the optical disk 401 with varying quantities of recording light is not sym- 
metrical with respect to the point where the read error rate is lowest. In this embodiment, the focus offset value with 
25 which the read error rate is lowest and the recording light quantity is smallest is determined to be an optimum focus 
offset value in step 515 shown in FIG. 5. Thus, the optimum quantity of recording light with which the read error rate 
is lowest can be accurately determined. 

[0059] FIG. 8 shows two curves, each of which indicates the number of read errors in reproduced information obtained 
by reproducing information that has been recorded on the optical disk 401 with varied quantities of recording light. The 

30 abscissa axis in FIG. 8 indicates an index of a quantity of light for recording and reproducing, while the ordinate axis 
indicates the number of read errors. The curve 801 represents a case where the read error rate curve is symmetrical 
with respect to an error value 803 that indicates the smallest number of read errors. Meanwhile, the curve 802 repre- 
sents a case where the read error rate curve is not symmetrical with respect to an error value 804 that indicates the 
smallest number of read errors. 

35 [0060] FIG. 9A shows the number of read errors at each index point on the curve 801 shown in FIG. 8, while FIG. 
9B shows the number of read errors at each index point on the curve 802 shown in FIG. 8. 

[0061] In this embodiment, the optimum quantity of recording light is referred to as the weighted mean value A. and 
is defined as follows: 



40 



Weighted mean value A = (X1*Y1+..+Xn*Yn)/(Y1-K.+Yn) 



wherein Xn represents the index of recording light quantity, and Yn represents the number of read errors in 
reproduced information in a case where recording and reproducing operations are performed with the index of recoding 

45 nght quantity represented by Xn, with n being an integer of 1 to 11 . 

[0062] As can be seen from FIG. 8 and FIG. 9A, the index point of recording light quantity with which the number of 
read errors becomes smallest on the curve 801 is 6, and the curve 801 indicating the number of read errors is sym- 
metrical with respect to this index point. As can be seen from FIG. 8 and FIG. 9B, on the other hand, the index point 
of recording light quantity with which the number of read errors becomes smallest on the curve 802 is 9, and the curve 

so 802 indicating the number of read errors is skewed to the right. If the optimum quantity of recording light is set at the 
value indicated by the index point 9 on the curve 802 in practice, the number of read errors will be greatly increased 
with a quantity of recoding light only slightly larger than the value indicated by the index point 9 on the curve 802. 
Accordingly, even in the case represented by the curve 802 shown in FIG. 8, it is preferable to set the optimum quantity 
of recording light at the same value as the optimum quantity of recording light indicated by the curve 801 , with the 

55 margin of the optimum quantity of recording light being taken into consideration. 

[0063] By setting the optimum quantity of recording light at the above-described weighted mean value A, this problem 
can be solved. In the case represented by the curve 801 in FIG. 8, the weighted mean value A is 8. In the case 
represented by the curve 802, the weighted mean value A is 6.3. Accordingly, by setting the optimum quantity of 
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recording light at the weighted mean value A, a true optimum quantity of recording light having a margin above and 
below the optimum quantity of recording light can be obtained, even if the curve representing the read error rate is not 
symmetrical with respect to the index point that indicates the smallest read errors, as in the case represented by the 
curve 802. 

5 [0064] Next, the explanation moves on to a third embodiment of the present invention. This embodiment is designed 
to set an optimum focus offset value for an optical recording medium that has a recording area divided into a plurality 
of zones. 

[0065] FIG. 10 shows an optical disk 1001 that is an example of the optical recording medium having a recording 
area divided into a plurality of zones in the radial direction. The optical disk 1 001 has a recording area that is divided 
10 into three zones consisting of a zone 1002, a zone 1003, and a zone 1004. The zone 1002 includes a test area 1005 
and a user area 1 006. The zone 1 003 includes a test area 1 007 and a user area 1 008. The zone 1 004 includes a test 
area 1009 and a user area 1010. 

[0066] FIG. 11 shows a structure in which the third embodiment of the present invention can be put into practice. In 
FIG. 11 , the same components as in FIG. 3 are denoted by the same reference numerals as in FIG. 3. The structure 

15 shown in FIG. 11 further includes a non-volatile memory 1101 . With an optical disk having a recording area divided 
into a plurality of zones as shown in FIG. 10, the zones might have different optimum focus offset values from one 
another, due to a warp in the disk or the like. For instance, when the disk is first mounted on the recording device 1 , 
an optimum focus offset value is determined for each of the test areas 1 005, 1 007, and 1009, and is stored in the non- 
volatile memory 1101 . When one of the zones is to he accessed, the MPU 13, which is a control unit, reads out the 

20 optimum focus offset value that has been set for the zone to be accessed, and sends the optimum focus offset value 
to the register 301 of the DSP 16. The register 301 in turn sends the optimum focus offset value to the D/A converter 
302, which converts the optimum focus offset value to analog data. The D/A converter then sends the converted op- 
timum focus offset value to the adder 303, which adds the converted optimum focus offset value to the focus control 
system. In this manner, an optimum focus offset value can be determined for each of the zones in the recording area, 

25 and thus a light beam can be accurately focused onto each of the zones on the recording face of the optical disk 1001 . 
[0067] Next, the explanation moves on to a fourth embodiment of the present invention. This embodiment is also 
designed to set an optimum focus offset value for an optical recording medium having a recording area divided into a 
plurality of zones. 

[0068] in the optical disk 1001 having the recording area divided into a plurality of zones as shown in FIG. 10, the 

30 zone 1002 includes the test area 1005 and the user area 1006, the zone 1003 includes the test area 1007 and the 
user area 1008, and the zone 1004 includes the test area 1009 and the user area 1010. In the third embodiment 
described above, an optimum focus offset value is determined for each of the test areas 1005, 1007, and 1009, and 
the optimum focus offset value for each test area is stored in the non-volatile memory 11 01 . However, it is also possible 
to set an optimum focus offset value for each of the user areas 1006, 1008, and 1010, and store the optimum focus 

35 offset value for each user area in the non-volatile memory 1101 . The determining of an optimum focus offset value 
should be conducted in the vicinity of the center of each user area, so that an optimum focus offset value suitable for 
the entire user area can be set. If an optimum focus offset value is determined at the front part of a user area, the 
optimum focus offset value will not be suitable for the last part of the user area, because there is a distance equivalent 
to one user area between the front part and the last part of the user area, and therefore the optimum focus offset values 

40 for the front part and the past part of the user area should be different from each other. When one of the zones in the 
recording area is to be accessed, the MPU 13 reads out the optimum offset value that has been set for the zone to be 
accessed, and sends the value to the register 301 of the DSP 16. The register 301 in turn sends the optimum focus 
offset value to the D/A converter 302, which converts the value to analog data. The D/A converter 302 then sends the 
converted optimum focus offset value to the adder 303, which in turn adds the optimum offset value to the focus control 

45 system. In this manner, an optimum focus offset value can be set for each of the zones in the recording area, and thus 
a light beam can be accurately focused onto each of the zones on the recording face of the optical disk 1001 . 
[0069] In the third embodiment, an optimum focus offset value for each zone is determined when the disk 1001 is 
mounted onto the recording device 1 , and the optimum focus offset value is then stored in the non-volatile memory 
1101 . However, it is also possible to set an optimum focus offset value for a reference optical disk when the optical 

50 recording device is manufactured, and then store the optimum focus offset value in the non-volatile memory 1101 . 
Alternatively, the operation of determining and storing an optimum focus offset value for each zone may be performed 
every time the optical disk 1001 is mounted onto the optical recording device 1. 

[0070] Next, the explanation moves on to a fifth embodiment of the present invention. FIG. 12 is a schematic view 
of a structure of this embodiment. In FIG. 12, the same components as in FIG. 3 are denoted by the same reference 
55 numerals as in FIG. 3. The structure shown in FIG. 12 further includes a temperature measuring unit 1201. In the 
foregoing embodiments, an optimum focus offset value is determined when an optical recording medium is mounted 
onto the optical recording device 1 or when the optical recording device 1 is manufactured. However, after an optical 
recording medium such as an optical disk is mounted onto an optical recording device, the inner temperature of the 
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optica! recording device may change during a certain operation in the optical recording device. As the inner temperature 
of the optical recoding device fluctuates, the optical focus offset of the focus offset system changes due to a temperature 
change in a component such as a semiconductor part provided inside the optical recording device. To solve a problem 
caused by such a temperature change, the temperature measuring unit 1201 is provided in this embodiment. The 

5 temperature measuring unit 1201 measures the inner temperature of the recording device 1 when an optimum focus 
offset value is determined, and then outputs the temperature value to the M PU 13. The MPU 1 3 stores the temperature 
value in the register 304, and compares the temperature value stored in the register 304 with the current inner tem- 
perature of the recording device 1 measured by the temperature measuring unit 1201 . If the difference between the 
measured temperatures is greater than a predetermined value, the above-described operation of determining an op- 

10 timum focus offset value is performed again, so that a true optimum focus offset value can be constantly maintained. 
However, the operation of determining an optimum focus offset value is time-consuming, if such a time-consuming 
operation is not desirable, an optimum focus offset value can be simply adjusted to a temperature change by the MPU 
13 updating the information set in the register 301 based on the temperature change or the DSP 16 calculating an 
adjustment value from the initial value set in the non-volatile memory 1101. Alternatively, an optimum focus offset value 

15 can be adjusted to such a temperature change by the MPU 13 simply adding a predetermined fluctuation value to the 
optimum focus offset value. 

[0071] Next, the explanation moves on to a sixth embodiment of the present invention. FIG. 13 is a schematic view 
of a structure of this embodiment. In FIG. 13, the same components as in FIG. 3 are denoted by the same reference 
numerals as in FIG. 3. The structure shown in FIG. 13 further includes a time measuring unit 1301 . If a timer device 
20 or the like is contained in the MPU 13, such a timer device can serve as the time measuring unit 1301 . In this embod- 
iment, the time measuring unit 1301 measures the elapsed time since the determination of an optimum focus offset 
value. After a predetermined period of time has passed, the operation of setting an optimum focus offset value is 
performed again, so that a true optimum focus offset value can be constantly maintained. 

[0072] As shown in FIG. 1 , when a command is sent from a host device such as a personal computer via the host 

25 interface 11 , the MPU 13 detects the elapsed time measured by the time measuring unit 1301 . After a predetermined' 
period of time has passed since the determination of an optimum focus offset value, the MPU 13 again performs the 
operation of setting an optimum focus offset value of each of the zones, so that a true optimum focus offset value can 
be constantly maintained. However, the continual setting of an optimum focus offset value for each of the zones is time 
consuming. To solve this problem, the MPU 13 detects the elapsed time measured by the time measuring unit 1301 

30 since the start of the operation of setting an optimum focus offset value, and, after a predetermined period of time has 
passed, the M PU 1 3 temporarily stops the value setting operation . When a next command is sent from the host computer 
such as a personal computer, the operation of setting an optimum focus offset value is resumed. 
[0073] Next, the explanation moves on to a seventh embodiment of the present invention. This embodiment is de- 
signed for a case where a magnetic super resolution (MSR) system is employed as a system for reproducing information 

35 recorded on an optical recording medium. FIG. 14 shows the relationship between the quantity of reproducing light 
and the read error rate in a case where information recorded on an optical recording medium is reproduced by a 
magnetic super resolution (MSR) system. With a magnetic super resolution system for reproducing information record- 
ed on an optical recording medium, recording signals cannot be reproduced if the quantity of reproducing light is smaller 
than a predetermined value. However, if the quantity of reproducing light exceeds the predetermined value, recording 

40 signals can be reproduced. Accordingly, as the quantity of reproducing light increases to the optimum quantity of re- 
producing light for a particular offset value, the read error rate suddenly drops, as indicated by a curve 1401 shown in 
FIG. 14. The error rate is a minimum when the read power is at 1 402. As the quantity of reproducing light exceeds the 
optimum quantity and continues to increase, the read error rate slowly increases. As a result, the curve 1401 becomes 
asymmetric with respect to the point of the optimum quantity of reproducing light 1402. The curve 1401 represents a 

45 case where a different focus offset value is set, producing an error rate curve 1403. The error rate in the curve 1403 
is lowest when the read power is at 1404. The offset value used to produce the curve 1 403 is not the optimum focus 
offset value, because the read power at 1404 is higher than the power at 1402, and the power margin is narrow, as 
indicated by the curve 1403 shown in FIG. 14. 

[0074] FIG. 1 5 is a flowchart of the operation of setting an optimum focus offset value in accordance with the seventh 
50 embodiment of the present invention. In FIG. 1 5, the same steps as in the flowchart of FIG. 5 arc denoted by the same 
reference numerals as in FIG. 5. In FIG. 15, steps 1501 , 1502, 1503, and 1504 arc characteristic of this embodiment. 
In step 501 , the operation of setting an optimum focus offset value starts. In step 502, the MPU 1 6 sends an instruction 
to the DSP 16 to drive the focusing actuator 37 and the tracking actuator 38 via the drivers 22 and 23, respectively, 
and thus performs a focus servo operation and a tracking servo operation to perform a seek operation on the test area 
55 402 of the optical disk 401 shown in FIG. 4. In this embodiment, the focus offset is set at zero, and the quantity of 
recording light is set at a predetermined value in step 1 501 . The test area 402 is then cleared in step 504. In step 1502, 
data are written on the optical recording medium without an error correction code (ECC). In step 505, the MPU 13 
supplies the register 301 with data that indicate the focus offset value is -X, and the supplied data are converted to an 
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analog value by the D/A converter 302, which in turn outputs the focus offset value of -X. Upon input of a focus error 
signal of the DSP 1 6, the adder 303 adds the focus offset value to the focus control system. In this manner, the MPU 
13 sets the focus offset value at -X. In step 1503, the quantity of reproducing light is set at -Y. In step 508, information 
is read out from the optical recording medium without an error correction. In step 509, the MPU 13 compares the 

5 reproduced information with all the information remaining in the buffer memory 12, and calculates the read error rate. 
More specifically, the recorded data and the reproduced data are compared bit by bit, so as to determine the number 
of error bits. Based on the proportion of the number of error bits to the total number of bits, the bit error rate is calculated. 
In step 51 0, this error rate, the focus offset value of -X, and the reproducing light quantity value of -Y, are stored in the 
register 304 in the MPU 13 shown in FIG. 3. In step 1504, the quantity of reproducing light is increased by a. In step 

10 1 505, it is determined whether the quantity of reproducing light reaches the value of +Y. If it is determined in step 1 505 
that the quantity of reproducing light has not reached the value of +Y, steps 508 through 1504 are repeated. If it is 
determined in step 1505 that the quantity of reproducing light has reached the value of +Y, the operation moves onto 
step 513, in which the focus offset value is increased by a. In step 514, it is determined whether the focus offset value 
has reached the value +X. If it is determined in step 514 that the focus offset value has not reached the value of +X, 

*s steps 1503 through 513 are repeated. 

[0075] If it is determined in step 514 that the focus offset value has reached the value of +X, the operation moves 
on to step 515, in which an optimum focus offset value is determined. Here, the determination of an optimum focus 
offset value is conducted in the same manner as in the foregoing embodiments. 

[0076] The embodiment described above with reference to FIG. 15 can be applied not only to a recording and re- 
20 producing device for an MSR-type magneto-optical (MO) recording medium, but also to a recording and reproducing 
device for any other magneto-optical (MO) recording medium. 

[0077] On the other hand, the embodiment described above with reference to FIG. 15 can be selectively applied to 
a reproducing device or a recording and reproducing device for an MSR-type magneto-optical (MO) recording medium. 
[0078] It should be noted that the present invention is not limited to the embodiments specifically disclosed above, 
25 but other variations and modifications may be made without departing from the scope of the present invention. 



Claims 

30 1. An optical recording device that is equipped with a focus control system for performing a focus control operation 
to focus light emitted from a light source onto a recording face of an optical recording medium, 
said device comprising: 

a focus offset value setting unit for sequentially setting a plurality of offset values; 
35 an adder unit for using the focus offset values set by the focus offset value setting unit to adjust the focus 

control system; 

a light quantity setting unit for sequentially setting the quantity of recording light which is emitted from the light 
source, at a plurality of predetermined values, for each of the focus offset values set by the focus offset value 
setting unit; 

40 a recording unit for recording information on the optical recording medium using the quantity of recording light 

set by the light quantity setting unit; 

an error rate measuring unit for measuring an error rate in information reproduced from the information re- 
corded by the recording unit; and 

an optimum focus offset value determining unit for determining an optimum focus offset value based on the 
45 error rate measured by the error rate measuring unit. 

2. The optical recording device as claimed in claim 1 , 

wherein the optimum focus offset value determining unit determines the optimum focus offset value to be the focus 
offset value that is set when the error rate is lowest and the quantity of recording light is smallest. 



50 



55 



3. The optical recording device as claimed in claim 2, 

wherein the optimum focus offset value determining unit calculates the quantity of recording light and a weighted 
mean value of the error rate, so as to determine the optimum focus offset value to be the focus offset value that 
is set when the weighted mean value of the error rate is the lowest and the quantity of recording light is the smallest. 

4. The optical recording device as claimed in claim 1 , 

wherein the optimum focus offset value determining unit determines the optimum focus offset value to be the focus 
offset value that is set when the range of the recording light quantity with which the error rate is below a predeter- 
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mined value is widest. 



5. The optical recording device as claimed in claim 1 , 

wherein the recording medium is divided into a plurality of zones, and said device further comprises a memory 
5 unit for storing the optimum focus offset value for each of the plurality of zones. 



6. The optical recording device as claimed in claim 5, further comprising a control unit for supplying the adder unit 
with the optimum focus offset value corresponding to each of the plurality of zones stored in the memory unit, when 
a recording operation is performed on each of the plurality of zones. 

10 

7. The optical recording device as claimed in claim 1 , 
wherein 



the recording medium is divided into a plurality of zones, each of which has a test area, and 
is said device further comprises a memory unit for storing the optimum focus offset value for the test area of 

each of the plurality of zones. 

8. The optical recording device as claimed in claim 7, further comprising a control unit for supplying the adder unit 
with the optimum focus offset value corresponding to each of the plurality of zones stored in the memory unit, when 

20 a recording operation is performed on each of the plurality of zones. 

9. The optical recording device as claimed in claim 1 , 
wherein 



25 the recording medium is divided into a plurality of zones, each of which has a user area, and 

said device further comprises a memory unit for storing the optimum focus offset value at the center of the 
user area of each of the plurality of zones. 

10. The optical recording device as claimed in claim 9, further comprising a control unit for supplying the adder unit 
30 with the optimum focus offset value corresponding to each of the plurality of zones stored in the memory unit, when 

a recording operation is performed on each of the plurality of zones. 



11. The optical recording memory as claimed in claim 1, further comprising a non-volatile memory for storing the 
optimum focus offset value that is determined when said device is manufactured. 

12. The optical recording device as claimed in claim 1 , 

wherein the optimum focus offset value determining unit comprises a temperature measuring unit for measuring 
the temperature of said device, and updates the optimum offset value when the temperature of said device fluc- 
tuates after the optimum focus offset value is determined. 

13. The optical recording device as claimed in claim 1 , further comprising a time measuring unit, 

wherein the optimum focus offset value determining unit updates the optimum focus offset value, when a 
predetermined period of time has passed since the determination of the previous optimum focus offset value. 



45 1 4. The optical recording device as claimed in claim 1 , further comprising an operation control unit for controlling each 
operation of the focus offset value setting unit, the light quantity setting unit, the recording unit, and the optimum 
focus offset value determining unit, 

wherein the operation control unit stops the operation of each of the units when a predetermined period of 
time has passed. 

50 

1 5. The optical recording device as claimed in claim 1 , further comprising an operation control unit for controlling each 
operation of the focus offset value setting unit, the light quantity setting unit, the recording unit, and the optimum 
focus offset value determining unit, 

wherein the operation control unit does not stop the operation of each of the units until the optimum focus 
55 offset value determining unit determines the optimum focus offset value. 



16. The optical recording device as claimed in claim I, 

wherein the optimum focus offset value determining unit determines the optimum focus offset value to be zero, 
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when an erase operation is performed on the optical recording medium. 

17. An optical recording device that is equipped with a focus control system for performing a focus control operation 
to focus light emitted from a light source onto a recording face of an optical recording medium, and reproduces 

5 information from the optical recording medium, 

said device comprising: 

a focus offset value setting unit for sequentially setting a plurality of offset values; 

an adder unit for using the focus offset values set by the focus offset value setting unit to adjust the focus 
10 control system; 

a light quantity setting unit for sequentially setting a quantity of reproducing light which is emitted from the light 
source, at a plurality of predetermined values for each focus offset value set by the focus offset value setting 
unit; 

a reproducing unit for reproducing information from the optical recording medium, using the quantity of repro- 
15 ducing light set by the light quantity setting unit; 

an error rate measuring unitf or measuring an error rate in the information reproduced from the optical recording 
medium; and 

an optimum focus offset value determining unit for determining an optimum focus offset value based on the 
error rate measured by the error rate measuring unit. 

20 

18. A method of determining an optimum focus offset value for a focus control system that performs a focus control 
operation to focus light emitted from a light source onto a recording face of an optical recording medium, 

said method comprising the steps of: 

25 sequentially setting a plurality of offset values for the focus control system; 

using each focus offset value set in the focus offset value setting step to adjust the focus control system; 
sequentially setting a quantity of recording light which is emitted from the light source, at a plurality of prede- 
termined values for each focus offset value set in the focus offset value setting step; 

recording information on the optical recording medium using the quantity of recording light set in the light 
30 quantity setting step; 

reproducing the information recorded in the recording step; 
measuring an error rate in the reproduced information; and 

determining an optimum focus offset value based on the error rate measured in the error rate measuring step. 

35 19. A method of determining an optimum focus offset value for a focus control system that performs a focus control 
operation to focus light emitted from a light source onto a recording face of an optical recording medium, 
said method comprising the steps of: 

sequentially setting a plurality of offset values for the focus control system; 
40 using each focus offset value set in the focus offset value setting step to adjust the focus control system; 

sequentially setting a quantity of reproducing light which is emitted from the light source, at a plurality of pre- 
determined values for each focus offset value set in the focus offset value setting step; 
reproducing information from the optical recording medium, using the quantity of reproducing light set in the 
light quantity setting step; 

45 measuring an error rate in the information reproduced from the optical recording medium; and 

determining an optimum focus offset value based on the error rate measured in the error rate measuring step. 



50 



55 
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Application Number 



The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 



1. claims: 1-3,11,18 

Optical recording device containing units for setting a 
plurality of focus offset values, for setting a plurality of 
recording light quantities, for measuring the error rate, 
and for determining the optimum focus offset value 
characterized in that the optimum focus offset value 
determining unit determines the optimum focus offset value 
to be the one for which the error rate (or the weighted mean 
thereof) is lowest and the quantity of recording light is 
smallest. 



2. claim: 4 

Optical recording device containing units for setting a 
plurality of focus offset values, for setting a plurality of 
recording light quantities, for measuring the error rate, 
and for determining the optimum focus offset value 
characterized in that the optimum focus offset value 
determining unit determines the optimum focus offset value 
to be the one for which the range of the recording light 
quantity with which the error rate is below a predetermined 
value is widest. 



3. claims: 5-10 

Optical recording device containing units for setting a 
plurality of focus offset values, for setting a plurality of 
recording light quantities, for measuring the error rate, 
and for determining the optimum focus offset value 
characterized in that the optical disc contains a plurality 
of zones and that the optimal focus offset value is set for 
each of said zones. 



4. claims: 12,13 

Optical recording device containing units for setting a 
plurality of focus offset values, for setting a plurality of 
recording light quantities, for measuring the error rate, 
and for determining the optimum focus offset value 
characterized in that the device updates the optimum focus 
offset value when the temperature fluctuates or when a 
predetermined period of time has passed. 



5. claim: 14 
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Application Number 



The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 



Optical recording device containing units for setting a 
plurality of focus offset values, for setting a plurality of 
recording light quantities, for measuring the error rate, 
and for determining the optimum focus offset value 
characterized in that the device contains an operation 
control unit which stops the operation of each of the units 
when a predetermined period of time has passed. 



6. claim: 15 

Optical recording device containing units for setting a 
plurality of focus offset values, for setting a plurality of 
recording light quantities, for measuring the error rate, 
and for determining the optimum focus offset value 
characterized in that the device contains an operation 
control unit which does not stop the operation of each of 
the units until the optimum focus offset value is 
determi ned. 



7. claim: 16 

Optical recording device containing units for setting a 
plurality of focus offset values, for setting a plurality of 
recording light quantities, for measuring the error rate, 
and for determining the optimum focus offset value 
characterized in that optimum focus offset value determining 
unit determines the optimum focus offset value to be zero 
when an erase operation is performed. 



8. claims: 17,19 

Optical reproducing device containing units for setting a 
plurality of focus offset values, for setting a plurality of 
reproducing light quantities, for measuring an error rate , 
and for determining an optimum focus offset value 
characterized in that the optimum focus offset value 
determining unit determines the optimum focus offset value 
based on the error rate. 
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